Multiwavelength flares from tidal disruption and accretion of stars can be used to find and study otherwise dormant massive black holes in galactic nuclei 1 . Previous well-monitored candidate flares are short-lived, with most emission confined to within ∼1 year 2-5 . Here we report the discovery of a well observed super-long (>11 years) luminous soft X-ray flare from the nuclear region of a dwarf starburst galaxy. After an apparently fast rise within ∼4 months a decade ago, the X-ray luminosity, though showing a weak trend of decay, has been persistently high at around the Eddington limit (when the radiation pressure balances the gravitational force). The X-ray spectra are generally soft (steeply declining towards higher energies) and can be described with Comptonized emission from an optically thick low-temperature corona, a super-Eddington accretion signature often observed in accreting stellar-mass black holes 6 . Dramatic spectral softening was also caught in one recent observation, implying either a temporary transition from the super-Eddington accretion state to the standard thermal state or the presence of a transient highly blueshifted (∼ 0.36c) warm absorber. All these properties in concert suggest a tidal disruption event (TDE) of an unusually long super-Eddington accretion phase that has never been observed before.
Multiwavelength flares from tidal disruption and accretion of stars can be used to find and study otherwise dormant massive black holes in galactic nuclei 1 . Previous well-monitored candidate flares are short-lived, with most emission confined to within ∼1 year 2-5 . Here we report the discovery of a well observed super-long (>11 years) luminous soft X-ray flare from the nuclear region of a dwarf starburst galaxy. After an apparently fast rise within ∼4 months a decade ago, the X-ray luminosity, though showing a weak trend of decay, has been persistently high at around the Eddington limit (when the radiation pressure balances the gravitational force). The X-ray spectra are generally soft (steeply declining towards higher energies) and can be described with Comptonized emission from an optically thick low-temperature corona, a super-Eddington accretion signature often observed in accreting stellar-mass black holes 6 . Dramatic spectral softening was also caught in one recent observation, implying either a temporary transition from the super-Eddington accretion state to the standard thermal state or the presence of a transient highly blueshifted (∼ 0.36c) warm absorber. All these properties in concert suggest a tidal disruption event (TDE) of an unusually long super-Eddington accretion phase that has never been observed before.
The X-ray source 3XMM J150052.0+015452 (XJ1500+0154 hereafter) was serendipitously detected in frequent observations 7 of the foreground galaxy group NGC 5813 by the X-ray observatories Chandra and XMM-Newton from 2005 to 2011. Our follow-up observation of the source with Chandra on February 23rd 2015 provided a well constrained X-ray position coincident with the center of the galaxy SDSS J150052.07+015453.8, to within 0.
′′ 18 (Figure 1, see SI) . The galaxy lies at a redshift of 0.145, or a luminosity distance of DL = 689 Mpc (for H0=70 km s −1 Mpc −1 , ΩM = 0.3, ΩΛ = 0.7), with strong emission lines indicative of intense star-forming activity. It has a total stellar mass of ∼6 × 10 9 M⊙ (see SI), comparable to that of the Large Magellanic Cloud. For such a small galaxy, we expect 8 the central supermassive black hole (SMBH) to have mass ∼10
6 M⊙.
The upper panel in Figure 2 shows the long-term evolution of the X-ray luminosity LX. Our best fits to the spectra with sufficient counts are shown in the lower panel of the figure and are given in Table 1 . One striking property of the source is the fast-rise-very-slow-decay outburst profile. It was not detected in the first Chandra observation on April 2nd 2005, with LX < 4.3 × 10 41 erg s −1 (3σ upper limit, assuming a powerlaw source spectrum of photon index 2.0). Less than 4 months later (July 23rd 2005), the source was detected in the first XMM-Newton observation, with LX ∼ 5.5 × 10 42 erg s −1 . It was detected at an even higher luminosity three years later, in one Chandra observation on June 5th 2008 and two XMM-Newton observations in February 2009, with LX ∼ 7.0 × 10 43 erg s −1 . The luminosity decreased only slightly to ∼ 3.0 × 10 43 erg s −1 in seven Chandra observations in March-April 2011. Similar luminosities were seen in our follow-up observations later, one by Swift on March 28th 2014, one by Chandra on February 23rd 2015, and seven by Swift in February 2016. Given the probably small central SMBH and correcting for emission outside the X-ray band, the source luminosity has been most likely at around the Eddington limit since it went into the outburst.
Another special property of the source is the generally quasi-soft X-ray spectra, most evident in the XMM-Newton and Chandra observations in 2008-2011. These spectra can be roughly described with a dominant thermal disk of apparent maximum disk temperature kT diskbb ∼ 0.3 keV plus a weak powerlaw (see SI). However, such a model is physically unacceptable, because the standard thin accretion disk around a SMBH is expected to produce much cooler thermal emission (kT diskbb 0.1 keV) 9 . Instead, the spectra can be described well with the Comptonization model CompTT 10 , with an optically thick (τ ∼ 4-11) low-temperature (kTe ∼ 0.4-1.3 keV) corona (see SI). Such spectral parameters are commonly seen in ultraluminous X-ray sources (ULXs) 6, 11, 12 , most of which are believed to be super-Eddington accreting stellar-mass black holes, except that XJ1500+0154 had orders of magnitude higher luminosities. Therefore, we identified the observations in 2008-2011 as being in the superEddington accretion state.
Surprisingly, we obtained a much softer X-ray spectrum in the Chandra observation in 2015, mostly due to a drop (by a factor of 7.0) in the count rate above ∼1 keV (Figure 2 ), compared with the observations in 2008-2011. This super-soft spectrum can be described with a dominant thermal disk of kT diskbb ∼ 0.13 ± 0.01 keV plus a very weak powerlaw (Figure 2 ). Such a cool thermal disk is ex-pected from accretion onto a SMBH below the Eddington limit. Then the source could be in the thermal state, which in turn supports the identification of the super-Eddington accretion state in previous observations. In this case the X-ray spectral evolution of XJ1500+0154 is very similar to a transient ULX in M31 6 , which changed from a superEddington accretion state to a thermal state within 20 days with the X-ray luminosity decreasing only slightly. However, we find that the spectrum can be described equally well with the CompTT model that fits the Chandra observations in 2011, except for additional absorption by a strong (NH ∼ 6 × 10 23 cm −2 ) ionized (log(ξ) = 2.8) absorber with a blueshifted velocity of 0.36c. Powerful sub-relativistic winds are expected in super-Eddington accreting black holes 13 , and highly blueshifted warm absorbers have been detected in ULXs 14 . Therefore, this interpretation for the Chandra observation in 2015 also supports the identification of the super-Eddington accretion state in previous observations. The recent Swift observations in 2016 have poor statistics, but some of them did not seem to show similar super-soft X-ray spectra. Therefore, the source has not completely settled to a new state of super-soft X-ray spectra, and the super-Eddington accretion seems to have lasted for 11 years (see SI) .
No sign of persistent nuclear activity is seen in the optical emission lines of the host galaxy, whose ratios are fully consistent with those expected from a starburst galaxy. There are many other properties of the source that argue against the possibility that it is a standard active galactic nucleus (AGN, see SI). In particular, no AGN is known to show X-ray spectra as soft as XJ1500+0154 within the 1-4.5 keV energy band or show dramatic quasi-soft to super-soft X-ray spectral change. The large X-ray variability (a factor of >97) is also extremely rare among AGNs. Therefore, although we cannot completely rule out that XJ1500+0154 is just a highly variable AGN at this point, its Xray outburst is best explained as tidal disruption of a star by the central black hole. This interpretation is strongly supported by our new discovery of two other sources that seemed to be in X-ray outbursts with similar quasi-soft X-ray spectra as XJ1500+0154 but have host galaxies showing no sign of nuclear activity in optical (see SI).
The super-Eddington accretion phase from tidal disruption of a solar-type star by a 10 6 M⊙ black hole can last t Edd ≈ 2 years, with the peak mass accretion rate highly super-Eddington 1, 15 . One main property of a super-Eddington accretion disk is a lower radiative efficiency than a standard thermal thin disk, due to significant superEddington effects of photon trapping and outflows in the inner disk region 13, 16, 17 . These effects are more serious at higher accretion rates, with the disk luminosity sustained at around the Eddington limit. The Eddington-limited slow decay of our source thus agrees well with the super-Eddington accretion signatures suggested by the X-ray spectra. The long super-Eddington accretion phase of 11 years in our event would imply disruption of a very massive star (10 M⊙) based on the standard theory 15 . However, it has been realized that the evolution of TDEs heavily depends on how the streams of tidal debris intersect each other [18] [19] [20] [21] [22] . It should be common for circularization of the fallback mass onto the accretion disk to occur at a much larger distance, resulting in a much longer viscous time scale, than predicted from the standard theory 19 . Therefore, t Edd can be very long in a slow circularization process, unless the circularization is so slow that the peak accretion rate drops to be sub-Eddington.
We plot in Figure 2 (solid line) the evolution of the luminosity from a full disruption of a 2 M⊙ star by a 10 6 M⊙ black hole, with the accretion of the mass slowed relative to the fallback time by 3 years. The super-Eddington effects were taken into account by introducing a logarithmic dependence of the radiative efficiency on the accretion rate above the Eddington limit 13 (see SI). We assumed that 25% of the radiation is in X-rays, as inferred from the spectral modeling. The model describes the data well. The total energy release and the total mass accreted onto the black hole until the last Swift observation would then be 6.4 × 10 52 ergs and 0.89 M⊙, respectively, which are orders of magnitude higher than seen in other known events 5, 23, 24 .
Although disruption of a very massive star of 10 M⊙ with prompt circularization can also describe the data, such disruption is expected to be orders of magnitude rarer than disrupting a star of 2 M⊙ with slow circularization (see SI). Therefore our event provides the first convincing evidence of slow circularization effects in TDEs, which are expected to be very common when the black holes are small (∼10 6 M⊙) but were not clearly observed before probably due to observational bias 19 .
We calculated the rate of events similar to XJ1500+0154 to be ∼4 × 10 −7 per galaxy per year (see SI), which is about two orders of magnitude lower than estimated for short TDEs 25 . One main reason for the low rate of events like XJ1500+0154 could be the relatively large mass (2M⊙) of the disrupted stars required, which is only possible in starburst galaxies 26 . Although events like XJ1500+0154 are rare, their extreme duration and radiative inefficiency mean that their contributions to the luminosity function of active galactic nuclei and to the growth of the black holes are comparable to or even higher than those of short events. TDEs with a shorter super-Eddington accretion phase than XJ1500+0154 could be more common. The discovery of our event opens up a new realm in which to search for super-Eddington accreting TDEs, that is, by investigating sources with quasi-soft X-ray spectra. Our discovery of the other two candidates is the result of applying this scheme.
This is the first time that X-ray spectra resembling typical superEddington accreting stellar-mass black holes were observed in an accreting SMBH. If our interpretation of a super-Eddington accreting TDE for XJ1500+0154 is correct, it would have important implications for the growth of massive black holes. The detection of quasars at redshift z > 6 with black hole masses ∼ 10 9 M⊙ poses a problem to explain their growth with accretion via a standard thin disk at the Eddington rate 27 . However, their formation would be possible if the black holes can accrete at a super-Eddington rate during an early phase 28 . Our event shows that super-Eddington accretion onto massive black holes can occur, giving strong observational support to this model. The high absorption in these systems would mean that the search for them should be through radio and infrared 29 , because their X-ray spectra, if as soft as XJ1500+0154, would be completely absorbed.
We expect the accretion rate to drop by an order of magnitude to be well sub-Eddington in the next ten years based on our model of full disruption of a 2 M⊙ star. By continued monitoring of the event, we will be able to test our TDE interpretation and to determine the duration of the super-Eddington accretion phase and the origin of spectral softening. We will also be given a rare opportunity to observe the spectral evolution of the event across different accretion regimes and to investigate its connection with short super-soft events that are mostly believed to accrete below the Eddington limit.
6. Middleton, M. J. et al. Bright radio emission from an ultraluminous stellar-mass microquasar in M 31. Nature 493, 187-190 (2013 The X1 and C10 spectra were rebinned to have at least one count per bin and were fitted by minimizing the C statistic, while the X2, X3, C2, and C3-C9 spectra were rebinned to have at least 20 counts per bin and were fitted by minimizing the χ 2 statistic. The fits used energy channels within 0.3-10 keV for XMM-Newton and energy channels within 0.3-7 keV for Chandra. All models include Galactic absorption of column density N H,Gal = 4.4 × 10 20 cm −2 . The absorption intrinsic to the X-ray source at redshift 0.14542 was also included and fixed at N H,i = 4.2 × 10 21 cm −2 , which was the best-fitting value from the simultaneous fit to the C2, X3, and C3-C9 spectra. L abs is the source rest-frame 0.34-11.5 keV luminosity, corrected for the Galactic absorption but not intrinsic absorption, and L unabs is the source rest-frame 0.34-11.5 keV luminosity, corrected for both Galactic and intrinsic absorption. Both L abs and L unabs are in units of 10 43 erg s −1 . All errors are at the 90%-confidence level. Parameters without errors were fixed in the fits. For C10, two models were tested: diskbb+PL and zxipcf(comptt). For the latter model, the CompTT component was fixed at the best fit of this model to C3-C9, and the luminosities L abs and L unabs was simply copied from those of C3-C9. The reduced χ 2 values are given for fits using the χ 2 statistic, but not for those using the C statistic. The long-term source rest-frame 0.34-11.5 keV unabsorbed luminosity curve. The Chandra, XMM-Newton and Swift observations are shown as blue squares, red triangles and green circles, respectively, with 90% error bars, but for the first Chandra observation C1 in 2005 the 3σ upper limit is shown with an arrow. We have merged the seven Chandra observations in 2011 to create a single coadded spectrum, given the lack of significant spectral/flux change in these observations. Similarly we also created a coadded spectrum from the combination of S2-S5 and another one from S6-S8. For clarity, we have offset S2-S5 to be one month earlier, because they are too close to S6-S8 in time. The solid line is a model of disrupting a 2 M ⊙ star by a black hole of mass 10 6 M ⊙ with slow circularization and super-Eddington effects (see SI). Such a model describes the data well. The dashed line plots t −5/3 , assuming a peak X-ray luminosity of 10 44 erg s −1 that is reached two months after disruption of the star; it represents the typical evolution trend for thermal TDEs 24, 30 , which obviously last much shorter than our event. Lower panels: The unfolded X-ray spectra. The X1 and C10 observations were fitted with a diskbb model (red dotted line) plus a PL (green dot-dashed line), and the C2, X2, X3, and C3-C9 observations were fitted with a CompTT model (the X2 spectrum is not shown but looks very similar to X3). Note that C10 can also be described with the CompTT fit to C3-C9 subject to a fast warm absorber. For clarity, we show only pn data for the XMM-Newton observations. Also for clarity, the spectra were rebinned to be above 2σ in each bin in the plot.
Method

XMM-Newton observations and data analysis
XJ1500+0154 was serendipitously detected at off-axis angles of ∼13 ′ in three XMM-Newton observations (X1-X3 hereafter; see Supplementary Table 1 ) of NGC 5813. X1 was made in July 2005, while X2 and X3 were made in February 2009, only six days apart. The source was detected in all three European Photon Imaging Cameras (i.e., pn, MOS1/M1, and MOS2/M2) [31] [32] [33] in the imaging mode in X1, but only in pn and MOS2 in X2 and X3 because the source is outside the field of view (FOV) of MOS1 in these two observations. We used SAS 15.0.0 and the calibration files of 2016 February for reprocessing the X-ray event files and follow-up analysis. The data in strong background flare intervals, seen in all cameras in all observations, were excluded following the SAS thread for the filtering against high backgrounds. The final clean exposures used are given in Supplementary Table 1 . We extracted the source spectra from all available cameras using a circular region of radius 20
′′ . The background spectra were extracted from a large circular region near the source, using a radius of 100
′′ for MOS1 and MOS2 and a radius of 50 ′′ for pn. The event selection criteria followed the default values in the pipeline 34 . For X2 and X3, in which the source was bright, we also extracted the pn light curves binned at 500 s using the SAS tool epiclccorr and performed variability tests using the ekstest tool. We used the 0.3-3 keV band, where the source counts dominated over those of the background.
Chandra observations and data analysis
XJ1500+0154 was serendipitously covered in nine Chandra observations (C1-C9 hereafter; see Supplementary Table 1 ) of NGC 5813, but all at large pointing offsets (11 ′ -15 ′ ). The dense observations in 2011 (C3-C9, ∼0.5 Ms) are from a Large Program (LP, PI: Dr. Scott Randall) on NGC 5813. All nine observations used the imaging array of the AXAF CCD Imaging Spectrometer (ACIS) 35 , and XJ1500+0154 fell in the back-illuminated chip S1 in all observations except C2, in which it fell in the front-illuminated chip I3. We had a Chandra followup observation of the source for 37 ks in February 2015 (C10 hereafter), with the aim point at the back-illuminated chip S3. We reprocessed all the data to apply the latest calibration (CALDB 4.6.7) using the script chandra repro in the Chandra Interactive Analysis of Observations (CIAO, version 4.7) package. No clear background flares were seen, and we used all data for all observations.
The spectra of XJ1500+0154 were extracted for each observation. We used a circular source region enclosing 90% of the point spread function (PSF) at 1.0 keV and a circular background region of a radius of 50 ′′ near the source. However, there are three exceptions. For observations C1 and C2, we used the 70% PSF radius for the source region, considering that the source was not detected in C1 and was near the CCD edge in C2. For our follow-up observation C10, in which the source is near the aim point with minimum background contamination, we used the 95% PSF radius for the source region. We used the CIAO task mkacisrmf to create the response matrix files and the CIAO tasks mkarf and arfcorr to create the point-source aperture corrected auxiliary response files. Considering no significant difference between LP observations, which were taken within 13 days, and in order to improve the statistics for spectral modeling, we created a single spectrum combining LP observations. For observation C1 in which the source was not detected, we used the CIAO task aprates to determine confidence bounds of the flux.
We measured the short-term variability within 0.4-3 keV adopting the Gregory-Loredo algorithm 36 implemented by the CIAO tool glvary 37 . It splits the events into multiple time bins and looks for significant deviations. The variation of the effective area with time was taken into account and was obtained by another CIAO tool dither region. The different degrees of confidence is indicated by the parameter of "variability index", which spans values within [0, 10] and is larger for variability of higher confidence 37 . Our C10 observation was intended to provide an accurate position of XJ1500+0154, utilizing the sub-arcsec resolution of Chandra near the aimpoint. We performed the source detection by applying the CIAO wavdetect wavelet-based source detection algorithm 38 on the 0.3-7 keV image binned at single sky pixel resolution. We then carried out the absolute astrometric correction for the X-ray sources by cross-correlating them with optical sources in the Canada-FranceHawaii Telescope (CFHT) MegaPrime/MegaCam 39 r ′ -band stacked images. We only used 19 matches that are outside the strong diffuse gas emission in NGC 5813 40 and have X-ray 95% statistical positional errors ≤1.
′′ 2 (based on Equation 12 in Kim et al. 41 ) and magnitude m r ′ < 24.0 AB mag for astrometric correction. These 19 matches do not include XJ1500+0154, in order to reduce the effect of the astrometric correction on the identification of its optical counterpart. The astrometric correction method in Lin et al. 42 was used, by searching for the translation and rotation of the X-ray frame that minimize the total χ 2 (χ is the ratio of the X-ray-optical separation to the total positional error) for 90% (i.e., 17, allowing 2 matches to be spurious or bad) of the matches that have the smallest χ values. The uncertainties of the translation and rotation and thus the systematic positional errors of the X-ray sources were estimated using 200 simulations. In order to calculate the statistical positional uncertainty for the source, we carried out 2000 ray-trace simulations with MARX 5.1.0 at positions near it and at the same off-axis angle. The spectrum from the thermal disk plus powerlaw fit to C10 was assumed.
Swift observation and data analysis
At our request, Swift 43 observed XJ1500+0154 in two epochs: one observation on March 28th 2014 (S1 hereafter), and seven observations between February 3rd-14th 2016 (S2-S8 hereafter, Supplementary Table 1). We analyzed the data with FTOOLS 6.18 and the calibration files released on July 31st 2015. The X-ray telescope (XRT) 44 was operated in the Photon Counting mode for all observations, and we reprocessed the data with the task xrtpipeline (version 0.13.2). The spectrum was extracted, using radii of 25 ′′ and 2 ′ for the circular source and background regions, respectively. The source was hardly detected by the XRT in S2-S5, and we created a co-added XRT spectrum from these observations. The source was clearly detected in S6-S8, and we also created a co-added XRT spectrum from these observations. The source net count rate was higher in S6-S8 than in S2-S5 at the 3σ confidence level.
The UV-Optical Telescope (UVOT) 45 in S1 used three standard UV filters W1 (2.3 ks), M2 (2.3 ks), and W2 (2.3 ks). In S2-S8 the UVOT used the "Filter of the Day" mode, and we combined images for different filters, resulting in total exposures of 6.3 ks, 1.4 ks, 3.9 ks and 3.8 ks for the U, W1, M2, and W2 filters, respectively. To obtain the photometry, we used the task uvotsource with radii of 5 ′′ and 20
′′
for the circular source and background regions, respectively.
ROSAT Observations
XJ1500+0154 was in the field of view of a ROSAT High-Resolution Imager pointed observation in 1998 for 1.9 ks (Supplementary Table 1). XJ1500+0154 was not detected in the observation, and we extracted the source and background spectra using a circular region of radius 10
′′ and a circular region of radius 50 ′′ , respectively, in order to estimate the flux limit.
CFHT MegaCam observations and data analysis
There are seven CFHT/MegaPrime r ′ -band images, with exposure 345 second each and taken on May 5th 2014, and eight g ′ -band images, with exposure 345 second each and taken on April 26th 2014. We produced two stacked images, one for the r ′ band (the final seeing FWHM is 0.
′′ 65) and the other for the g ′ band (the final seeing FWHM is 0.
′′ 80), using MegaPipe 46 , and aligned their astrometry to the Sloan Digital Sky Survey (SDSS) 47 . The sources detected from these two stacked images were used to compare with the SDSS photometry to detect the source optical variability and to compare with X-ray sources to align the X-ray source astrometry. We also fitted the host galaxy profile in the CFHT/MegaPrime stacked images using GALFIT 48 . Ten stars within 2 ′ from XJ1500+0154 were used to construct the point spread function of the images.
X-ray spectral fits
The X-ray activity of XJ1500+0154 should be due to accretion onto a BH, and we fitted the X-ray spectra with several models typically used to study such an object. Given that XJ1500+0154 is most likely associated with a galaxy at z = 0.14542, we applied this redshift to all the spectral models that we tested with the convolution model zashift in XSPEC 49 . All models included the Galactic absorption 50 fixed at NH = 4.4 × 10 20 cm −2 using the TBABS model. Possible absorption intrinsic to the source was accounted for using the ztbabs model. The abundance tables from Wilms et al. 51 were used.
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Supplementary Information
The X-ray source position and the host galaxy
We obtained the position of XJ1500+0154 from C10 to be R.A.=15:0:52.068 and Decl.=+1:54:53.79, with the 95% positional error of 0.
′′ 18 (including both the statistical component and the systematic component from the astrometric correction procedure). This position is only 0.
′′ 07 away from the center of the galaxy SDSS J150052.07+015453.8, consistent within the uncertainty (Figure 1) . The number density of the galaxies that are as bright as or brighter than SDSS J150052.07+015453.8 in the r ′ band within 10 ′ is 0.00016 per square arcsec, implying that the chance probability for our X-ray source to be within 0.
′′ 18 from the center of SDSS J150052.07+015453.8 is only 0.000017. Therefore we can securely identify this galaxy as the host of our X-ray source, with the X-ray emission most likely from the galaxy center (the projected offset ∼0.
′′ 18 or 0.5 kpc at the redshift of z = 0.14542 of the galaxy; see below).
The host galaxy in the CFHT/MegaPrime r ′ and g ′ -band images can be fitted with a Sérsic profile, with effective radii of 0.
′′ 48±0. ′′ 01 (1.23±0.03 kpc) and 0.
′′ 41±0. ′′ 0.01 (1.04±0.01 kpc), axis ratios of 0.56±0.02 and 0.56±0.01, and indices of 2.2±0.2 and 3.0±0.2, respectively. Therefore it is a small galaxy.
The SDSS took a spectrum of the galaxy on March 3rd 2011, which is shown in Supplementary Figure 1 . It exhibits strong narrow emission lines at the redshift of z = 0.14542 ± 0.00001 (DL = 689 Mpc, assuming a flat universe with H0=70 km s −1 Mpc −1 and ΩM=0.3). We fitted the spectrum with Penalized Pixel Fitting (pPXF) software 52 . As the stellar templates, we adopted the single-population models by Maraston and Strömbäck 53 that were created based on the ELODIE library of empirical stellar spectra of solar metallicity 54 and have UV extension (below around 3950Å) based on theoretical models 55 . We chose these models because of their extended age coverage (54 ages from 3 Myr to 12 Gyr), broad wavelength range (1000.2-6800.0Å), and high resolution (FWHM ∼ 0.55Å). We interpolated the models to make them distribute uniformly in logarithm of the age from 3 Myr to 12 Gyr with 54 grids. We fitted the SDSS spectrum over source rest-frame 3200-6800Å, considering that the spectrum at shorter wavelengths is very noisy. Fourteen Gaussian functions were also included in the fit to model the apparent gas emission lines. No additive or multiplicative polynomials were included in the fit. The spectrum was corrected for the Galactic dust reddening 56 of E(B − V) G = 0.05 mag before the fit. The intrinsic reddening was left as a free fitting parameter and was inferred to be E(B − V) i = 0.068 mag.
The pPXF fit inferred intrinsic width of the emission lines to be about σ = 52 km s −1 . The stellar kinematics could not be constrained well, as expected considering the lack of strong absorption features. Therefore in the final fit we assumed the stellar velocity dispersion to be the same as that of the gas. Figure 2) 57, 58 , as indicated by the SDSS pipeline. The extinction-corrected Hα luminosity is 2.13 ± 0. λ5007 is commonly seen in AGNs and starburst galaxies and has been interpreted as due to outflowing ionized gas [60] [61] [62] [63] . For XJ1500+0154, the blue wing around [O III] λ5007, if real, is more likely due to star-forming activity, instead of due to the X-ray outburst, as the nucleus is significantly obscured.
The mass and light (source rest-frame 3200-6800Å) distributions of the stellar populations with respect to the age from the pPXF fit are shown in Supplementary Figure 3 , indicating the presence of some very young (< 5 Myr) populations, although the mass is dominated by old populations. The mean age weighted by light is 1.6 Gyr, and the mean age weighted by mass is 5.0 Gyr. The total stellar mass is 6.4 × 10 9 M⊙, and the total stellar luminosity is 1.9 × 10 9 L⊙, suggesting a dwarf galaxy (comparable to the Large Magellanic Cloud). Using the relation between the BH mass and the total galaxy stellar mass 8 , we estimated the BH mass to be 1.5 × 10 6 M⊙ (the 1σ uncertainty is 0.55 dex).
We do not see a clear broad component of the Hα line. Some TDEs, which would be the best interpretation for XJ1500+0154, did show broad emission lines. The well covered TDE ASASSN-14li had peak Hα luminosity of 1.1 × 10 41 erg s −1 with the corresponding FWHM of ∼3000 km s −1 , detected in early epochs 64 . Such an emission line, however, would be difficult to detect for XJ1500+0154 if we assume the Galactic reddening of E(B − V) G = 0.05 mag and intrinsic reddening of E(B − V) i = 0.71 mag, which is based on E(B − V) = 1.7 × 10 −22 NH and intrinsic column density NH,i = 0.42 × 10 22 cm −2 (inferred from our X-ray spectral fits; see below). Therefore, we cannot rule out that a broad Hα line might be present in the source but is hard to detect due to strong extinction. However, it is also possible that XJ1500+0154 has intrinsically very weak optical emission (either broad emission lines or the continuum) associated with the X-ray outburst, as observed in some other TDEs during the X-ray bright phase 65 
The source evolution with normalized count rates
In order to study the source behavior in a relatively modelindependent way, we calculated the count rates normalized to those expected based on the CompTT fit to the C3-C9 spectrum. Although the CompTT fit was used, other models that fit the C3-C9 spectra reasonably well (e.g., an absorbed PL) gave very similar results.
Supplementary Figure 4 shows the long-term evolution of such normalized count rates in b = 0.4-3 keV, b1 = 0.4-1 keV and b2 = 1-3 keV. The source appears to show a prolonged outburst. It was not detected in C1 on April 2nd 2005, with the 0.4-3 keV normalized count rate R N,b < 2.3% (3σ upper limit, upper panel in Supplementary Figure 4) . The source was detected less than 4 months later in X1 on July 23rd 2005, with R N,b = 7.0 ± 2.6% (90% error). It was detected much brighter three years later, with R N,b = 1.9 ± 0.1 for C2 on June 5th 2008 and R N,b = 2.3 ± 0.1 and 2.1 ± 0.1 for X2 and X3, respectively, in February 2009. The source flux decayed very slowly later, with R N,b = 1.01 ± 0.02 in C3-C9 in March-April 2011 and 0.35 ± 0.04 in C10 on February 23rd 2015. Similar normalized count rates were also observed in the Swift monitoring observations in 2014-2016, though they have poor statistics. Overall, the source count rate seemed to show a fast rise, by a factor of >97 and probably in just months, and experienced a very slow decay, by a factor of a few over a decade in time.
Comparing the 0.4-1 keV and 1-3 keV count rates (middle and lower panels in Supplementary Figure 4) , we detected significant softening of the source in C10, due to a significant drop in the 1-3 keV count rate. The normalized 0.4-1 keV and 1-3 keV count rates of C10 are R N,b1 = 0.68 ± 0.10 and R N,b2 = 0.15 ± 0.04, while C3-C9 has R N,b1 = 1.01 ± 0.03 and 1.02 ± 0.03 (close to one by definition). The R N,b2 to R N,b1 ratios are 0.21 ± 0.06 and 1.01 ± 0.04 (90% error) for C10 and C3-C9, respectively, indicating the softening of C10 with respect to C3-C9 at the 17.8σ confidence level. In comparison, C2, X2, and X3 have the R N,b2 to R N,b1 ratios of 0.90±0.10, 0.90±0.07, and 0.79 ± 0.06, respectively, close to that of C3-C9. Other observations have poor statistics. S1 and S6-S8 seems to be as bright and as hard as C3-C9. S2-S5 is fainter and could be consistent with C10. X1, in the rise phase of the outburst, could have a relatively hard spectrum too.
Spectral state identification for X2, X3, C2, and C3-C9
Supplementary Table 2 gives the fit results using simple models: a PL, a MCD (diskbb in XSPEC), and their combination MCD+PL. The spectra of X2, X3, C2, and C3-C9 have similar best-fitting spectral parameters in these models, implying the same emission mechanism in these observations. The absorbed PL fits gave the photon index ΓPL ∼ 4-5 for X2, X3, and C2, and C3-C9, indicating very soft spectra and ruling out that the source was in the hard spectral state of an accreting BH in these observations. X2, X3, and C2 are relatively close in time (within ∼8 months), and their spectra are a little softer (ΓPL ∼ 5) than that of C3-C9 (ΓPL ∼ 4), taken two years later after X2 and X3. The X2, X3, and C2 spectra can be generally described with an absorbed MCD, but the fit with an absorbed MCD to C3-C9 shows systematic positive residuals at high energies >2 keV (Supplementary Figure 5) . Adding a PL (i.e., total model MCD+PL) with ΓPL fixed at a value of 2.5, typically seen in the Galactic BHBs in the thermal state, improved the fit to C3-C9 most significantly, but it still shows some systematic positive residuals in 2-3 keV and negative ones above 3 keV (Supplementary Figure 5) . In any case, the MCD+PL fits inferred a very hot disk of kTMCD ∼ 0.3 keV in all spectra (the MCD+PL fits were not sensitive to the ΓPL value assumed, as long as ΓPL was constrained to be 3.5; for higher values of ΓPL, the fits obtained would be dominated by a PL, instead of by a disk). We note that all fits to X2 tested above in fact showed some systematic residuals, whose origin will be discussed more later.
The MCD+PL fits are roughly statistically acceptable, but there are problems to associate them with the thermal state, which is characterized by a dominant thermal disk at the sub-Eddington luminosity 66 . The inferred disk temperatures of kTMCD ∼ 0.3 keV are too high for such a state of an accreting SMBH. For a standard thermal disk, the maximum temperature kTMCD ∝ M −1/4 (LMCD/L Edd ). The Galactic BH X-ray binaries have maximum disk temperatures normally 66, 67 1 keV. The MCD+PL fits inferred LX ∼ 1-2 × 10 43 erg s −1 . Therefore, for XJ1500+0154 to be at the sub-Eddington limit in the observations considered, the BH mass should be at least 10 5 M⊙. Then the maximum temperature kTMCD should be 0.1 keV, much lower than the values inferred. The high disk temperature might be possible if the SMBH considered is maximally spinning. To test this further, we tried to fit X3, C2, C3-C9 simultaneously with the more physical AGN model optxagnf 68 (in XSPEC). Because we are considering the thermal state, in the optxagnf model, we assumed that the gravitational energy released in the disk is emitted as a color-corrected blackbody down to a (coronal) radius rcor, while within this radius the available energy is released in a hard PL form Comptonization component in an optically thin hot corona of temperature 100 keV. The PL index was fixed at a value of 2.5. The BH mass, the BH spin and the intrinsic column density was tied to be the same but allowed to vary. The Eddington ratios were forced to be below 1.0 (thus sub-Eddington). With all these settings, the best fit required a maximally spinning BH with mass 2.8 × 10 5 M⊙, but still a relatively high reduced χ 2 value was obtained (1.35 for 280 degrees of freedom), and systematic fit residuals were seen clearly.
Given the above problem of fitting the spectra with the standard thermal state model MCD+PL, we tried to test the Comptonization model CompTT 10 (in XSPEC). This model is commonly used to fit the X-ray spectra of ULXs 11 , most of which are believed to be the superEddington accreting stellar-mass BHs. We found that we cannot constrain all parameters well, and it seems that the fits can either assume cold seed photon solutions of kT0 0.1 keV or hot seed photon solutions of kT0 ∼ 0.1-0.2 keV, corresponding to two local/global minima in χ 2 , which differed by <6. Cold seed photon solutions were associated with higher column densities (NH ∼ 0.4-0.5 × 10 22 cm −2 ) than hot seed photon solutions (NH ∼ 0.1-0.2 × 10 22 cm −2 ). In the case of ULXs, the seed photon temperatures were often inferred 11 to be 0.3 keV. If our spectra have the same emission mechanism as most ULXs and the seed photons are from a thermal disk, we would expect the seed photons in our spectra to be very cool, < 0.1 keV. Therefore we will focus on the cold seed photon solutions. Still, we found that in order to obtain well constrained corona temperatures and optical depths for better comparison between observations, it is desirable to fix the intrinsic column density NH,i and the seed photon temperature kT0. From the simultaneous fits to X3, C2, and C3-C9 spectra with these parameters tied to be the same (X2 was not included, again due to presence of fit residuals), we inferred NH,i = 0.42 ± 0.06 × 10 22 cm −2 and kT0 = 0.04 ± 0.04 keV. Therefore in the final fits with CompTT, we fixed NH at 0.42 × 10 22 cm −2 and kT0 at 0.04 keV. The fit results are given in Table 1 . The disk geometry was assumed (the fits of similar quality can also be obtained assuming a spherical geometry, which would infer similar corona temperatures but higher (by a factor of ∼2) values of the optical depth).
From Table 1 , we see that the CompTT fits suggest a cool (kTe ∼ 0.35-1.3 keV) optically thick (τ ∼ 4-11) corona for X2, X3, C2 and C3-C9. C3-C9 might have a little hotter corona and a lower optical depth than earlier observations X2, X3, and C2. To test the significance of the presence of a cool optically thick corona in these spectra, we still tried to fit X3, C2, and C3-C9 simultaneously, with the seed photon temperatures all fixed at 0.04 keV, the corona temperatures all fixed at 20.0 keV, and the column densities allowed to vary freely but all tied to be the same. Then we obtained a total χ 2 value of 257.6 for 282 degrees of freedom. In comparison, the total χ 2 value is 242.3 for 3 fewer degrees of freedom if the corona temperature parameters are all allowed to vary freely. Based on the F -test, this implies a 3.4σ improvement of the fits with a cool optically thick corona over those with a hot optically thin one, under the assumption of cool seed photons. Therefore there is evidence that XJ1500+0154 was in a super-Eddington accretion state in X2, X3, C2, and C3-C9.
We note that all the spectral models tested above on X2 all showed systematic fit residuals, as shown in Supplementary Figure 5 . X2 was taken only six days before X3, and they have very similar instrument configurations and source off-axis angles. The source spectral shape and count rates are also very similar in these two observations, which seems to suggest that the residuals in X2 could be due to some calibration uncertainty, or due to presence of a warm absorber in X2. Starting with the continuum model CompTT with NH,i fixed at 0.42 × 10 22 cm −2 and kT0 fixed at 0.04 keV, we found that the residuals can be significantly reduced by adding an edge of threshold energy E edge = 0.63 ± 0.03 keV and optical depth τ = 0.88 ± 0.30 (corresponding to a 5σ improvement) and another edge of E edge = 1.33 ± 0.07 keV and τ = 0.37 ± 0.21 (corresponding to a 3σ improvement). Replacing these edges with the more physical model zxipcf, we obtained two possible fits. One inferred an absorber of column density NH = 0.4 × 10 22 cm −2 , ionizing parameter log(ξ) = −0.55 (i.e., nearly neutral), and zero speed (i.e., the absorber is static relative to the source), and required the unabsorbed luminosity to be a factor of 6.7 higher than that of X3. The other fit inferred an absorber of NH = 3.5 × 10 22 cm −2 , log(ξ) = 2.7 and redshifted speed of 29% the speed of the light (thus an inflow), with the unabsorbed source luminosity similar to that of X3. Both fits accounted for most of the residuals around 0.6 keV and are clearly challenging to understand, with the former requiring a large change in luminosity in a short time and the latter requiring a fast warm inflow. Future observations would be helpful to determine whether the residuals are real.
Spectral state identification for C10
We also have a relatively good spectrum from C10, which appears to be much softer than earlier observations, as shown above based on the normalized count rates in different energy bands. The absorbed PL fit inferred a very high photon index of ΓPL = 8.0 ± 1.2 for C10, compared with ΓPL ∼ 4-5 for X2, X3, C2 and C3-C9. The MCD+PL fit with ΓPL fixed at a value 2.5 also indicates that the spectrum in C10 is dominated by a disk with a much lower temperature in C10 than in X2, X3, C2 and C3-C9 (0.13 keV versus ∼0.3 keV).
One explanation for the spectral softening in C10 is that the source showed a transition from the super-Eddington accretion state in earlier observations to the thermal state in C10. Then the MCD+PL fit would be a reasonable model. Table 1 lists such a fit with NH,i fixed at 4.2 × 10 21 cm −2 , as obtained from the simultaneous CompTT fits to X3, C2, and C3-C9. This model inferred LX in C10 only lower than that in C3-C9 by 15%. We note that in the second ULX in M31, similar state transition also occurred with luminosity changing 6 by <20%.
Alternatively, the spectral softening in C10 could be due to a transient warm absorber in C10 that obscured the high-energy flux. To test this scenario, we added a warm absorber to the CompTT fit to C3-C9. The warm absorber was modelled with the zxipcf (in XSPEC) model. The CompTT parameters were fixed at the values obtained from the fit to C3-C9. The covering fraction was found to be consistent with 1.0 (the 90% lower confidence bound is 0.91), and we thus fixed it at the value of 1.0. Then we inferred the warm absorber to have NH = 64 × 10 22 cm −2 , log(ξ) = 2.8 and blueshifted velocity of 0.36c (Table 1) . This fit has almost the same C statistic as the MCD+PL fit. If the normalization of the CompTT model is allowed to vary, considering that the source might become fainter, we found that the unabsorbed luminosity in C10 should be >88% (90% lower bound, the upper bound cannot be constrained, as there is degeneracy between the source flux and the column density of the absorber) of that of C3-C9. A highly ionized sub-relativistic outflowing absorber is expected in the super-Eddington accretion phase of TDEs 1 and had been inferred in a few cases 69, 70 .
Spectral state identification for Swift observations
The Swift observations are all too faint to carry out detailed spectral fits. In S1, S2-S5, and S6-S8, we collected 18.3, 6.0 and 18.8 net counts within 0.3-10 keV in exposures of 8.7 ks, 9.0 ks, and 6.7 ks, respectively. Based on the normalized count rates shown in Supplementary Figure 4 , the source spectra in S1 and S6-S8 are more consistent with that in C3-C9 than with that in C10. The normalized 1-3 keV count rates in S1 and S6-S8 are both consistent with that in C3-C9 to within 1σ error but both different from that in C10 at the 2.5σ confidence level. Therefore the source might be still in the super-Eddington accretion state in S1 and S6-S8. In contrast, the low 0.4-3 keV normalized count rate in S2-S5 makes it more consistent with C10 (within 1σ) than C3-C9, and the source could be in the thermal state or subject to transient absorption again in this observation. Given the low statistics of the Swift observations, however, we cannot completely rule out that the source had similar X-ray spectra in S2-S8 as in C10, which could suggest that the source had been completely settled to the thermal state since C10. Deeper observations of the source in the future are needed to firmly determine the duration of the super-Eddington accretion phase.
Spectral state identification for X1
The spectrum of X1 has low quality too. Fitting it with a PL gave ΓPL = 2.7 +2.3 −0.7 . Thus it could be a little harder than other observations. We tried to fit it with the MCD+PL model with NH,i fixed at 4.2×10 21 cm −2 and the PL photon index fixed at the value of 2.5. We obtained a fit with a cool disk of kTMCD = 0.10 +0.06 −0.04 keV and a PL contributing about 25% of the rest-frame 0.34-11.5 keV luminosity.
The identification of the spectral state for X1 is clearly non-trivial due to its low statistics, but it is consistent with a transitional state, as expected considering that it was at the beginning of the outburst.
Fitting the long-term X-ray luminosity curve
The evolution of the X-ray luminosity in TDEs depends on many factors and can involve physics that is still poorly understood, especially in the super-Eddington accretion regime. We explored the models that could describe the data assuming full disruption of a star by a 10 6 M⊙ black hole. The accretion rate of the mass was assumed to be slowed relative to the fallback rate by the viscous timescale τvisc, according to the equatioṅ
whereṀ d is the mass accretion rate andṀ fb is the mass fallback rate 71 . The radiative efficiency was assumed to be 0.1 when the accretion rateṀ d is below the 0.5 isotropic Eddington limitṀ Edd . At higher accretion rates, the inner disk could begin to reach the local Eddington limit 72 , and we assumed the luminosity to scale logarithmically, in the form 13 of 1.0 + log(Ṁ d /0.5Ṁ Edd ). Based on the X-ray spectral fits, we assumed that 25% of the light was emitted in the X-ray band (the source rest-frame 0.34-11.5 keV).
Supplementary Figure 6 shows the expected light curves for several models of different masses of the disrupted star and different viscous timescales. For comparison, models incorporating the super-Eddington accretion effects are shown as thick black lines, while those not are shown as thin gray lines (representing the evolution of the fallback rate in case of prompt circularization).
We find that there is degeneracy between the stellar mass and τvisc. Our data can be described with the full disruption of a 2 M⊙ star with τvisc = 3 yr (Figure 2 ) or a 10 M⊙ star with τvisc = 0 (Supplementary Figure 6) . The degeneracy can be broken with more future monitorings of the source, as the luminosity is expected to decay faster for disruption of a lower mass star. Assuming a higher efficiency in either the Eddington excess or in the mass-to-light conversion would adjust the favored stellar masses downward, with a maximally-spinning black hole driving the favored masses to values of 0.5 and 2.5 M⊙, respectively.
While the case with a larger star describes our data just as well as the case with a star of nearly a solar mass, the steep stellar mass function strongly favors the disruptions of lower-mass stars, even in cases where a recent starburst has occurred 26 , with < 1% of all disruptions coming from stars with M ≥ 10 M⊙. Additionally, we expect that disruptions of stars around 10 6 M⊙ black holes will be slowed by viscous effects in the majority of disruptions, with two-thirds of disruptions having viscous timescales longer 19 than a year for M h < 10 6 M⊙. Because of these expectations, we argue that XJ1500+0154 most likely originated from the disruption of a nearly solar-mass star.
A single strong disruption and prompt accretion of an evolved star, either ascending the red giant branch or on the horizontal branch, can produce a prolonged TDE with a fast rise and a prolonged superEddington accretion phase 73 , as seen in XJ1500+0154. However, TDEs of evolved stars are expected to be very rare for a black hole of mass 10 6 M⊙, accounting for ∼1% of the total TDEs 26 , and they should be dominated by repeated, partial disruption 74 . Single strong disruptions of evolved stars should be extremely rare, and we do not expect to detect any in the limited volumn of space searched (see below).
ROSAT Observations
XJ1500+0154 was not detected in the ROSAT All-Sky Survey in 1990. The survey had a detection limit 75 of the 0.1-2.4 keV flux of 5×10 −13 erg s −1 cm −2 , which is a factor of 3 higher than the peak absorbed 0.1-2.4 keV (observer-frame) flux of XJ1500+0154 (∼1.7 × 10 −13 erg s −1 cm −2 in X2 and X3). The source was not detected either in the ROSAT/HRI pointed observation in 1998. The 3σ upper limit of the source net count rate is 0.0038 counts s −1 , which is about 50% lower than that expected from X2 and X3. Therefore, although the source was not detected in ROSAT observations, they are not deep enough for us to rule out the emission level seen in the current outburst.
Short-term X-ray variability
Supplementary Figure 7 shows the light curves for all bright observations (X2-X3 and C2-C10). We obtained χ 2 probability of constancy of 0.13 and 2.9 × 10 −4 from the 0.3-3 keV pn light curves binned at 500 s in the X2 and X3 observations, respectively. Therefore, no short-term variability was detected from X2. X3 might show some variability, with a fast (within 2 ks) drop to almost zero count rate at around 20 ks into the observation. The average count rates of X2 and X3, which are six days apart, are, however, consistent with each other within 2σ (Supplementary Table 1 ). We detected no short-term variability in the Chandra observations C2-C10, all with a Gregory-Loredo variability index of 0. We note that the lower count rates in the Chandra observations (a factor of 2 lower than the XMM-Newton/pn in X2 and X3) could make it hard to detect the fast drop as is possibly present in X3. The observations C3-C9, taken within a 13 day period, have count rates consistent with each other within 2σ (Supplementary Table 1) .
UV and optical long-term variability
The 21 cm −2 inferred from the X-ray spectral fits, the above limit after extinction correction would be an order of magnitude larger (i.e., < 3.5 × 10 9 L⊙). The three ASASSN TDEs have λL λ in the range between 10 9 and 10 10 L⊙ at λ = 5400Å (the source restframe central wavelength of the r ′ band for XJ1500+0154) at the very early epoch of the events 76 . Therefore we cannot rule out a similar level of optical emission as seen in the ASASSN TDEs in our event.
There is a faint UV source from the Swift observation at the position of the SDSS galaxy. We obtained the W1, M2, and W2 magnitudes of 23.1 ± 0.5 AB mag, 23.3 ± 0.5 AB mag, and 23.8 ± 0.7 AB mag, respectively, from S1, and 23.5±1.4 AB mag, 22.8±0.3 AB mag, and 22.9 ± 0.3 AB mag, respectively, from S2-S8. The relatively large errors are due to the scattered light background from a nearby bright star. The UV source was also detected by GALEX on June 3rd, 2007, with the NUV and FUV magnitudes of 22.9 ± 0.3 AB mag and 23.8 ± 0.3 AB mag (the NUV filter has an effective wavelength similar to that of the Swift M2 filter, i.e., ∼2230Å), The blue UV emission is consistent with each other in these epochs and is consistent with that expected from emission from the young stellar populations based on the pPXF fit to the SDSS spectrum of the galaxy. The UV emission from the three ASASSN TDEs in the early epoch 76 would correspond to a W2 magnitude of >27 AB mag for XJ1500+0154 if we also applied the extinction based on E(B − V) = 1.7 × 10 −22 NH and used the column density of NH,i = 4.2 × 10 21 cm −2 . The U band magnitude in S2-S8 (22.1±0.3 AB mag) is also consistent with the stellar emission.
Arguments against the AGN explanation
The coincidence with an optical galactic center, with chance coincidence probability of only 0.000017, led us to conclude that XJ1500+0154 is due to nuclear activity in SDSS J150052.07+015453.8.
The significant absorption column density other than the Galactic value required in the X-ray spectral fits reassures this association. Then we are left with two possible interpretations of the source: a persistent AGN or a TDE.
As we have shown, we see no sign of persistent nuclear activity in the optical spectrum, which shows no clear broad emission lines but narrow ones, with the ratios fully consistent with those expected for starburst galaxies. For AGNs, there is a strong correlation between the persistent hard X-ray luminosity and the extinction- 42 erg s −1 (the dispersion is 0.63 dex). The corresponding 0.34-2.0 keV unabsorbed luminosity assuming a PL of photon index 2.0 is 3.9 × 10 42 erg s −1 , which is about an order of magnitude lower than the flux seen in the outburst. Given that the line ratios are fully consistent with the star-forming activity, the [O III] λ5007 flux should be dominated by the star-forming activity, instead of that of the nucleus. Then the persistent unabsorbed 0.34-2 keV luminosity implied by the optical spectrum would be much lower than observed in the ourburst, arguing against a persistent AGN explanation for XJ1500+0154.
We can also compare XJ1500+0154 with 753 spectroscopically identified AGNs in Lin et al. 78 . These AGNs were included in that study because they had multiple observations, with at least one detection with S/N > 20, in the 2XMM-DR3 catalog. Supplementary Figure 8 shows an X-ray color-color diagram, adapted from Figure 2 in Lin et al., by using the 3XMM-DR5 catalog. The X-ray colors HR2 and HR3 are defined as (H − S)/(H + S), with S and H being the MOS1-medium-filter equivalent 0.5-1 keV and 1-2 keV counts rates for HR2 and 1-2 keV and 2-4.5 keV count rates for HR3, respectively. The MOS1-medium-filter equivalent count rates are those expected for an on-axis MOS1 observation using a "Medium" optical filter 78 . In terms of HR3, which characterizes the spectral shape within 1-4.5 keV, XJ1500+0154 is significantly softer (HR3 in the range between −0.78 and −0.86 for all bright observations C2, C3-C9, C10, X2 and X3) than AGNs (HR3 −0.70).
The long-term variability of XJ1500+0154, a factor of >97 (3σ lower limit), is also extreme, compared with AGNs. Only one out of 753 AGNs in Lin et al. varied by a factor of >97 based on the 3XMM-DR5 catalog. The large variability in AGNs has been normally ascribed to all kinds of absorbers 79 . In order to explain the non-detection of XJ1500+0154 in C1 and the low count rate in X1, it would require a neutral absorber of NH > 6.8 × 10 22 cm −2 and NH = 2.5 × 10 22 cm −2 fully covering a X2 spectrum in C1 and X1, respectively. The problem with this explanation is that it would imply no detection of the source below 1 keV in X1, while we had detected the source in 0.4-1 keV at the 3.2σ confidence level in this observation, unless the absorber has a complex structure. Besides, this explanation has to require highly variable absorption of an AGN with unusually soft X-ray spectra.
A very small number of high-amplitude very soft X-ray flares were detected from galactic nuclei that might have low persistent luminosities as inferred from the optical emission lines [80] [81] [82] [83] [84] [85] [86] [87] . It is under debate on whether these flares are due to, e.g., disk instability in AGNs, or due to TDEs. They might even represent a mixed class, as they showed a variety of spectral shape and temporary evolution. XJ1500+0154 is different from them in several aspects (e.g., generally higher characteristic temperatures and dramatic spectral softening in XJ1500+0154). Therefore it is not clear whether XJ1500+0154 has the same origin as the other flares.
There are several AGNs known to show significant spectral changes, between type 1 and type 2 in optical [88] [89] [90] and/or between Compton-thin and reflection-dominated states in X-rays 91, 92 . There are various explanations for them, including variable absorption and changes in the accretion rate (due to, e.g., a TDE). Supplementary Figure 8 in fact includes some such changing-look AGNs, e.g., NGC 1365 and 1H 0707-495. These AGNs change between two AGN standard spectral states with hard X-ray spectra. XJ1500+0154 is different from them in that it changed between two states unseen in standard AGNs, with very soft X-ray spectra.
Dwarf starburst galaxies hosting luminous AGNs are also extremely rare in the local Universe. Only a small number of dwarf galaxies are known to show active nuclei [93] [94] [95] [96] . Among them, only Henize 2-10 is in a starburst galaxy, with extremely low luminosity in the nucleus 95 . The column density inferred from the X-ray spectral fits is optically thin to Thomson electron scattering 97 . Then the wind from the central source can sweep up the gas into a shell and push it outwards at a velocity 98 of vs = (fwL8π 2 G/fgasσ 2 ) 1/3 = 2700(fw/fgas) 1/3 km s −1 , where fgas is the mass fraction of the gas, σ = 52 km s
is the velocity dispersion, G is gravitational constant, L is the source bolometric radiation luminosity, ∼10 44 erg s −1 , and fwL is the wind energy. Given the super-Eddington accretion nature of the source, we expect fw/fgas to be > 1.0. Therefore vs > 2700 km s −1 , and gas within 1 kpc (the effective radius of the host galaxy) can be swept out in <0.4 Myr, which is very short. Therefore the persistent luminous AGN explanation is hard to be reconciled with the star-forming activity of the host galaxy.
We note that we do not have deep radio observations of XJ1500+0154 yet and that it was not detected in the radio surveys NVSS or FIRST. The low sensitivity of these surveys did not allow us to rule out a persistent AGN based on the radio upper limit.
Comparison with other candidate TDEs
There are about 30 TDEs discovered thus far that are bright in Xrays 99, 100 . Most of them had peak X-ray luminosity <10 44 ergs s −1 , fast decay by about one order of magnitude in a year, and super-soft Xray spectra (kT 0.1 keV) 4, 30, 70, 101-108 . Figure 2 plots a dashed line showing a representative light curve for such super-soft TDEs. Our event, evolving on a timescale at least two orders of magnitude longer, having much harder X-ray spectra, and exhibiting dramatic spectral softening, is different from them. Recently, three TDEs with hard X-ray spectra (photon index around 2.0) and apparent peak luminosity highly super-Eddington were also found [109] [110] [111] [112] [113] . They are also short-lived, decreasing by more than two orders of magnitude in the first year. Our event is distinguished from them, with much softer X-ray spectra, long duration, and dramatic X-ray spectral change.
Event rate
We roughly estimated the rate of TDEs with a super-Eddington accretion phase, characterized by quasi-soft X-ray spectra. XJ1500+0154 was discovered through the search over the detections in the 3XMM-DR5 catalog that have S/N > 20. We selected out sources that showed large variability and/or soft spectra (e.g., HR3 < −0.7). Based on observations outside the Galactic plane (the galactic latitude |b| > 20
• ) and assuming that events like XJ1500+0154 have a mean luminosity three times lower than that in X2 but have similar quasi-soft X-ray spectra and last for 10 years, we estimated that we should be able to detect about 1.8 × 10
8 rn events, where r is the event rate per galaxy per year and n is the galaxy density per Mpc 3 . We assumed 25 n = 1.4 × 10
Mpc −3 . We only discovered one with quasi-soft X-ray spectra, indicating r ∼ 4 × 10 −7 gal −1 yr −1 . This is a conservative estimate because our search was still preliminary and the absorption effect was not taken into account. The real rate could be a factor of a few larger.
The above event rate calculation depends on the assumption of the duration of the super-Eddington accretion phase in the events. Assuming shorter durations would proportionally infer higher rates. Therefore we cannot rule out a much higher rate for all super-Eddington accreting TDEs as their super-Eddington accretion phase could be generally shorter than that of our event. Although super-Eddington accretion in TDEs is probably rarer than previously thought, due to slow circularization effects, a significant fraction of TDEs are still expected to show a super-Eddington accretion phase 19 . Guided by the discovery of XJ1500+0154, we tried to search for TDEs with quasi-soft X-ray spectra (thus suggesting a super-Eddington accretion phase) from newly public XMM-Newton observations and have discovered two candidates (Lin et al. 2017 , in preparation). They have peak X-ray luminosity of ∼10 44 erg s −1 . One of them is clearly in an outburst, with a rising time less than 10 months, and the host galaxy showed no optical emission lines, ruling out the presence of a persistently bright nucleus. The other one is consistent to be in an outburst too, with two X-ray observations showing the flux decay by a factor of ∼6 in 1.5 years, and the host is a star-forming galaxy (or at the end phase of a starburst phase, given the strong Balmer absorption). The durations of these two events still need to be constrained with future observations. Discovery of additional quasi-soft X-ray objects in bright outbursts and in hosts showing no sign of persistent nuclear activity in the optical spectra strongly support that they are super-Eddington accreting TDEs and that such events might not be so rare.
Supplementary Table 1 | The X-ray Observation Log. Columns: (1) the observation ID with our designation given in parentheses, (2) the observation start date, (3) the detector, (4) the off-axis angle, (5) the exposures of data used in final analysis, (6) radius of the source extraction region, (7) the net count rate in the source extraction region (0.3-3 keV for XMM-Newton and 0.4-3 keV for Chandra and Swift observations), with 1σ error (but for observations rh601125n00, C1 and S2-S5, the 3σ confidence bounds are given). Supplementary Table 2 | Spectral fit results. Columns : (1) the observations; (2) the model; (3) intrinsic absorption column density; (4) the apparent inner disk temperature of the MCD; (5) the MCD normization N MCD ≡ ((R MCD /km)/(D/10kpc)) 2 cos θ, where R MCD is the apparent inner disk radius, D is the source distance, θ is the disk inclination; (6) the PL photon index; (7) the PL normalization; (8) the reduced χ 2 and degrees of freedom for fits using the χ 2 statistic (we rebinned the spectra to have at least 20 counts in each bin in order to use the χ 2 statistic; other fits without reduced χ 2 used the C statistic); (9) the 0.34-11.5 keV luminosity, corrected for the Galactic absorption but not instrinsic absorption (10) the 0.34-11.5 keV luminosity (the rest frame), corrected for the Galactic absorption and intrinsic absorption. The fits used spectra within 0.3-10 keV for XMM-Newton and Swift and used spectra within 0.3-7 keV for Chandra. Parameters without errors were fixed in the fits. All errors are at the 90%-confidence level. 78 and XJ1500+0154 (big red squares) from the 3XMM-DR5 catalog. The colors HR2 and HR3 are defined using (H − S)/(H + S), with S and H being the MOS1-medium-filter equivalent 0.5-1 keV and 1-2 keV counts rates for HR2 and 1-2 keV and 2-4.5 keV count rates for HR3, respectively. The Chandra C2, C3-C9 and C10 observations are shown as big red diamonds. We overplot PL spectra (dotted lines) with Γ PL = 0.5 (top), 1, 2, 3, and 4 and N H varying from 0 (lower-left) to 10 23 cm −2 . The detections for each source are connected by solid lines in an increasing order of HR3. We only show AGN detections with S/N≥18 (based on the 0.2-4.5 keV flux), resulting in 2002 detections in total. XJ1500+0154 has lower values of HR3 (thus softer in 1-4.5 keV) than AGNs in all observations shown.
